Esophageal self-expandable metal stents and radiotherapy are valuable in combination for palliation and definitive treatment of esophageal cancer. However, risk of aortoesophageal fistula is significant in patients with evidence of malignant aortic invasion. Use of thoracic endovascular repair may represent an approach to early intervention in high-risk patients.
Introduction
Many patients with esophageal cancer present at an advanced stage, and the majority of these suffer from some degree of dysphagia. Palliative dysphagia interventions allow patients to maintain oral caloric intake, manage oropharyngeal excretions, and reduce aspiration risk, often in advance of definitive intervention such as surgical resection or chemoradiation (CRT). Self-expandable metal stents (SEMS) provide instant relief for malignant dysphagia, however, have a high rate of dysphagia reoccurrence and need for reintervention. Radiation therapy (RT), of either palliative or definitive intent, provides durable though delayed symptomatic improvement in malignant dysphagia, often taking several weeks to achieve maximum benefit.
As such, there has been interest in combining the therapeutic benefits of palliative-or definitive-intent RT with SEMS to provide both immediate and longlasting relief from dysphagia. Both nonrandomized prospective and randomized trials have demonstrated improvement in both survival and symptomatic relief outcomes with poststenting RT [1] [2] [3] [4] . In the majority of cases, this combined regimen is effective and well tolerated; however, some studies have reported a higher incidence of severe complications [5] [6] [7] [8] . In particular, massive hematemesis or other GI bleeding has been identified in nearly a quarter of patients across all stages of disease [7] . Sumiyoshi and colleagues have previously reported on their experience of 22 patients undergoing SEMS placement after CRT, with 6 of 8 patients with clinical T4 disease and evidence of invasion into the aorta dying of massive hemorrhage [8] . Additional toxicity may be attributable to alterations of dose distribution resulting from SEMS presence in field [9, 10] , while some reports suggest the causative role of radiotherapy itself [11, 12] .
To further characterize the potential risk of aortoesophageal fistula (AEF) in esophageal cancer patients undergoing RT after placement of SEMS, we describe a case of a patient who underwent definitive CRT after palliative esophageal SEMS placement. With this report, we describe the pathological changes seen after post-SEMS placement EBRT, including the development of AEF.
Case Presentation
A 59-year-old otherwise healthy woman presented with dysphagia to solids and was diagnosed with stage III T4N0M0 invasive squamous cell carcinoma of the midesophagus with concern for involvement of the aorta (Fig. 1) .
A dedicated multidisciplinary foregut tumor board initially recommended neoadjuvant chemotherapy followed by definitive resection without radiation. Radiation was excluded from the original treatment plan due to concerns for a more challenging resection in the setting of radiation-induced fibrosis due to the proximity of the mass to both the aorta and the membranous airways. The patient was given a jejunostomy feeding tube and underwent six cycles of doublet chemotherapy with carboplatin/paclitaxel. Upon restaging, the patient had evidence of local progression, was no longer considered a good candidate to achieve a R0 resection, and was referred for definitive chemoradiation.
Prior to chemoradiation, the patient underwent EGD with placement of a silicone-coated nitinol esophageal stent (Wilson Cook Evolution fully covered, 18 mm 9 10 cm) deployed across the stricture under endoscopic and fluoroscopic guidance ( Fig. 2A-D) to palliate dysphagia. The stent spanned from 24 to 36cm from the incisors, completely crossing the distal edge of the tumor.
The patient subsequently received chemoradiation to 50Gy in 25 fractions over 35 elapsed days with a volumetric modulated arc therapy (VMAT) plan to the mid-esophageal mass (Fig. 3A-C) , by use of a single full arc with two coplanar sweeps using 6-MV photon energy and weekly cisplatin/5-fluorouracil. The dose-volume histogram revealed a maximum dose of 54.8 Gy to 0.035 cc of the aorta (Fig. 3D) .
Two months later, the patient developed suspected stent obstruction. Chest CT and PET/CT at this time demonstrated persistent extramural invasion of tumor partially encasing the aorta, although less enhancement and slight interval decrease in size. There was no evidence of other disease or abnormality. On EGD, the distal end of the stent at 35 cm was obstructed by inflamed and malignant tissue. The stenosis was successfully traversed with an ultra-thin scope, and a silicone-coated nitinol esophageal stent (ENDOMAXX, 19 mm 9 10 cm) was deployed under direct visualization over a wire guide from 29-39 cm (Fig. 2E-G) .
Several weeks later, the patient was admitted with dyspnea and increasing lower extremity edema. She was found to have bilateral pleural effusions and pneumopericardium (Fig. 4) . After admission, the patient developed mid-thoracic pain, a single episode of hematemesis, and hemodynamic instability. At this time, she was considered not a candidate for surgical repair given instability and presumed malignant erosion into the pericardium and mediastinum. Hours later, during intubation for esophagogastroduodenoscopy to confirm source of bleeding, she had large volume hematemesis followed by pulseless arrest. At bedside, the patient's spouse confirmed her status as Do Not Resuscitate. She rapidly expired.
An autopsy confirmed the diagnosis of locally advanced esophageal carcinoma without spread to the lymph nodes. The stent was without defect and did not appear to perforate the esophagus. Once the stent was removed, an AEF at the midway point of the stent was identified as the source of the bleeding (Fig. 5A ). An esophagopericardial fistula was also identified as the source of the pneumopericardium (Fig. 5B) , with approximately 70 mL of material consistent with refluxed gastric contents found in the pericardial sac (Fig. 5C ). While microscopic inflammation and necrosis were noted at the sites of the fistulae, no active carcinoma was identified at either site.
Discussion
SEMS and EBRT are extremely effective in relieving dysphagia, a major concern in palliation of advanced esophageal cancer [13, 14] . The potential for AEF resulting in massive hematemesis and exsanguination has been previously identified in the setting of SEMS and EBRT. This case is an example of both recurrent dysphagia following SEMS placement as well as pathologically confirmed AEF without evidence of direct tumor invasion on autopsy following palliative SEMS placement and EBRT.
AEF should be suspected in patients like this one with history of significant thoracic intervention presenting with elements of "Chiari's triad"-mid-thoracic pain, sentinel arterial hemorrhage, and final exsanguination following symptom-free interval [15] . The three most common etiologies of AEF include thoracic aortic aneurysm (51.2%), foreign body ingestion (18.6%), and esophageal malignancy (17.0%) [16] . Alarmingly, a growing number of cases have been published demonstrating formation of AEF independent of direct tumor involvement, mostly indicating external-beam radiation therapy as the causative agent, perhaps resulting from radiation-related damage to the vasa vasorum of the aorta [11, 12, 17, 18 ]. Although surgery remains the definitive management of AEF [19] , many patients, like this one, are not surgical candidates at presentation. Thoracic endovascular aortic repair (TEVAR) is a rapid, less invasive, and effective alternative to surgical intervention in the urgent and emergent management of patients with AEF [20, 21] and can be used as a bridge to definitive surgical management [22] . TEVAR involves advancing a folded endovascular stent graft through the lumen of an access vessel, usually the femoral artery, inside a delivery sheath before ultimate expansion and deployment in the thoracic or thoracoabdominal aorta. TEVAR provides rapid hemodynamic stabilization by controlling bleeding from the fistula site. However, outcomes following emergent intervention remain poor, suggesting a need for earlier intervention in high-risk patients.
A gap exists in the early use of TEVAR in the context of malignancy-, radiation-and SEMS-associated AEF. Dual endoluminal intervention (i.e., concurrent SEMS placement and TEVAR) in the setting of esophageal-tracheobronchial strictures has been shown to be safe and effective at reducing dysphagia and dyspnea [23] . In the urgent setting, three case reports describe successful use of TEVAR in combination with SEMS placement in management of AEF. Ghosh et al. describe development of AEF proximal to SEMS placed in a patient with esophageal cancer to palliate dysphagia. To manage acute hemodynamic instability, an additional SEMS was placed to cover the source of acute bleeding, without improvement in the patient's hemodynamic instability. The patient then underwent TEVAR and survived for 2 months before dying of disseminated malignancy [24] . Civilini et al. describe a patient with a history of multiple thoracic surgeries who subsequently developed AEF, managed initially with TEVAR followed days later by SEMS after demonstration of persistent leak, who had recovered well at 5-month follow-up [25] . Uchida et al. describe development of AEF in a patient with lung cancer following implantation of SEMS treated successfully with TEVAR [26] .
In summary, special consideration should be applied when treating esophageal carcinoma with evidence of invasion into the aorta using SEMS combined with EBRT, as AEF formation is an under-recognized yet fatal complication. Although further studies are needed to determine the role of prophylactic TEVAR in patients at high risk of developing AEF in the setting of esophageal cancer, our tumor board highly considers this approach when SEMS and EBRT are combined in this patient population.
